The binding of ligands by a receptor can be expressed in an equation derived by a thermodynamic stoichiometric approach in which the stoichiometric equilibrium constants are all positive and real. 
To obtain numerical values for affinities of receptors for ligands from equilibrium binding experiments, one can follow two different paths of formulation. The classical thermodynamic approach defines appropriate equilibrium constants in terms only of the stoichiometry (and concentrations) of the species participating in the multiple equilibria. In consequence, equations for extent of binding of ligand contain a limited number of equilibrium constants, regardless of the extent ofuptake of ligand by receptor. Alternatively, one can introduce explicitly the assumption of specific binding sites on the receptor and define binding constants for each site. In this formulation, however, the binding constant for a specific site may change markedly as the extent ofocc,upancy of other sites on the receptor varies. Hence, it becomes necessary to denominate a large array of such constants or to introduce variable interaction coefficients. So the total number of such parameters increases dramatically for multiple ligand binding, unless one assumes a specific model to constrain the interactions between sites.
Equations for Amounts of Bound Ligand
In the thermodynamic approach, the moles of ligand L bound per mole of receptor R can be related to the concentration of free ligand (1) by the equation 
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For each conjugate pair we can substitute an expression of the form of Eq. 12. Because there are two pairs of conjugate terms and the moles of bound ligand at saturation n is 4, Eq.
Numerical Values for Ligand-Receptor Complexes
A few specific numerical illustrations, for trivalent and tetravalent ligand-receptor systems ( (Table 1) . Clearly the affinity for ligand is enhanced after the second stoichiometric step, but it is not enhanced after the first. Thus, Ka is a real number (Table 1) , but Kp, and Ky form a conjugate pair.
For the tetravalent system acetylcoenzyme A-pyruvate carboxylase (Table 1) , enhancement in binding is evident from the large increase in K3 compared with K2 (Table 1) , but it is not evident in the other stoichiometric steps. Thus, for this binding, Kaf and Ks are real numbers, but K,9 and Ky constitute a conjugate pair.
In contrast, tetravalent oxygen-hemoglobin binding (4, 5) manifests enhancing interactions at each of the successive steps (Table 1 ). All the ghost constants are complex numbers, forming two conjugate pairs.
The coefficient A in the ghost binding constants (Table 1 ) reflects the modulus, the geometric sum, of the coefficients of the real and imaginary parts of the complex values of K,.. It is also of interest to have a measure of the relative contribution of the real and imaginary components of the ghost constants. One such gauge would be cos 0 because it expresses the argument of the complex value K. on a scale that varies from 1 to zero as the enhancement of Kj over Kj-l increases. This real/imaginary index, cos 6, is also listed in Table 1 for each ligand-receptor system manifesting enhancing interactions in binding.
Free Energy Changes
Corresponding to any equilibrium constant, there must be a (standard) free energy change. Thus, we may write AG, = -RT lnK,.
[34]
For a bivalent ligand-receptor system, Eq. 6 applies, and we obtain AG' = -RT ln A -RTiO; AG' = -RT ln A + RTiO. [35] For example, for the leucine/isopropylmalate combination ( 
